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EMI PROTECTION AND FUEL CELL SYSTEMS EMPLOYING THE SAME 

BACKGROUND OF THE INVENTION 
5 The present invention relates to fuel cell systems and fuel cell powered vehicles. More 

particularly, the present invention relates to a scheme for addressing electromagnetic interference 
(EMI) between electrical components of a fuel cell system or a fuel cell powered vehicle. 

BRIEF SUMMARY OF THE INVENTION 

10 According to the present invention, a scheme is provided for reducing the degree to 

which EMI from high voltage components of a fuel cell system or a fuel cell powered vehicle is 
induced in low voltage components of the system or vehicle. In accordance with one 
embodiment of the present invention, a system is provided comprising an electrochemical unit, at 
least one relatively low voltage electrical device, at least one relatively high voltage electrical 

15 device, control circuitry, and EMI shielding structure. 

The electrochemical unit is configured to utilize first and second reactants to generate an 
electrical current. The relatively low and high voltage electrical devices are operatively coupled 
to the electrochemical unit. The control circuitry is operatively coupled to the relatively low 
voltage electrical device and the relatively high voltage electrical device and comprises a high 

20 voltage region and a low voltage region. The high voltage region comprises electrical 

components configured for operation at higher voltages than electrical components of the low 
voltage region. The electrical components of the high voltage region and the electrical 
components of the low voltage region are positioned such that, absent EMI shielding structure 
between the high and low voltage components, a substantial amount of EMI from the high 

25 voltage components would be induced in the low voltage components. The EMI shielding 

structure is configured to define a conductive enclosure about the high voltage region and the 
low voltage region and a conductive EMI barrier between the high voltage region and the low 
voltage region. 
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In accordance with another embodiment of the present invention, a vehicle is provided 
comprising an electrochemical unit, at least one relatively low voltage sensor, at least one 
relatively high voltage electrical device, control circuitry, and EMI shielding structure. The 
electrochemical unit is configured to utilize a first reactant from a hydrogenous fuel source and a 
5 second reactant in the form of an oxidizing reactant to generate an electrical current. The 

electrochemical unit is further configured to function as a source of motive power for the vehicle. 
The relatively high voltage electrical device and the relatively low voltage sensor are operatively 
coupled to the electrochemical unit. 

The control circuitry is operatively coupled to the relatively low voltage electrical sensor 

10 so as to input a relatively low voltage signal from the sensor. The circuitry is also operatively 
coupled to the relatively high voltage electrical device so as to output a relatively high voltage 
control signal to the device. The control circuitry comprises a high voltage region including 
circuitry for generating the high voltage control signal and a low voltage region including 
circuitry for processing the low voltage sensor signal. The high voltage region and the low 

1 5 voltage region of the control circuitry are defined on a common printed circuit board and 

electrical components of the high and low voltage regions are positioned on the printed circuit 
board such that, absent EMI shielding structure between the high and low voltage components, a 
substantial amount of EMI from the high voltage components would be induced in the low 
voltage region. The EMI shielding structure is configured to define a conductive enclosure about 

20 the high voltage region and the low voltage region and a conductive EMI barrier between the 
high voltage region and the low voltage region. 

Accordingly, it is an object of the present invention to provide a means by which EMI 
from high voltage components of a fuel cell system or a fuel cell powered vehicle is reduced. 
Other objects of the present invention will be apparent in light of the description of the invention 

25 embodied herein. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
The following detailed description of specific embodiments of the present invention can 
be best understood when read in conjunction with the following drawings, where like structure is 
indicated with like reference numerals and in which: 
5 Fig. 1 is an illustration of control circuitry and EMI shielding structure according to the 

present invention; 

Fig. 2 is a schematic illustration of a fuel cell system including high and low voltage 
devices and a controller according to the present invention; 

Fig. 3 is an illustration of control circuitry according to the present invention; 
10 Fig. 4 is an illustration of male and female engaging surfaces of an EMI shielding interior 

wall structure and a printed circuit board according to the present invention; 

Fig. 5 is an illustration of an EMI shielding exterior wall structure comprising a coolant 
passage according to the present invention; 

Fig. 6 is an illustration of a system including a high voltage electrical device coupled to 
1 5 EMI shielding structure according to the present invention; and 

Fig. 7 is an illustration of a fuel cell powered vehicle according to the present invention. 



3 



Docket No. - GMC 0045 PA / GP - 303 449 



DETAILED DESCRIPTION 
Referring initially to Figs. 1 and 2, a shielded controller 10 and a system incorporating a 
shielded controller 10 according to the present invention are illustrated. Various components of 
the shielded controller 10 are illustrated in detail in Fig. 1. In contrast, Fig. 2 merely presents a 
5 schematic illustration of a system where the controller 10 is in communication with a variety of 
devices. The devices illustrated in Fig. 2 are presented by way of illustration, not by way of 
limitation, and include high and low voltage devices and an electrochemical unit in the form of a 
fuel cell 20 configured to utilize first and second reactants, e.g., a hydrogenous fuel source and 
an oxidant such as air, to generate an electrical current. 

10 The present invention bears particular relevance to systems comprising relatively high 

and relatively low voltage devices. Accordingly, high voltage devices in the form of first and 
second reactant sources R\, R 2 and a low voltage device in the form of a sensor 30 are illustrated 
in Fig. 2. It is important to note, however, that the broadest aspects of the present invention are 
not limited to any particular types of high and low voltage devices. Rather, the first and second 

15 reactant sources Ri, R2 and the sensor 30 have merely been illustrated in Fig. 2 because they are 
employed in fuel cell systems. As will be appreciated by those skilled in the art of fuel cell 
systems, reactant sources and sensors utilized in a fuel cell system may take any of a variety of 
suitable forms, including devices that may be characterized as high voltage, low voltage, or no 
voltage. For example, a reactant source may comprise a relatively high voltage, motor driven 

20 compressor or a non-electronic pressurized gas reservoir. 

For the purposes of defining and describing the present invention, it is noted that 
reference herein to relatively high and relatively low voltages does not imply specific operating 
voltage values to either type of device. Rather, the operating voltages of the two different types 
of devices are limited only in the sense that the operating voltage of a high voltage device is 

25 higher than the operating voltage of a low voltage device, and vice-verse. By way of illustration 
and not limitation, high voltage devices according to the present invention may comprise motors, 
compressors, heating element, cooling system components, DC/DC converters, fan modules, or 
any other device operating at a relatively high voltage. Low voltage devices may comprise 
sensors configured, for example, to detect a drive train condition of a vehicle, an operating 
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condition of a vehicle, or an operating condition of a fuel cell system, or any other device 
operating at a relatively low voltage. 

In the illustrated example, the low voltage sensor 30 is placed in communication with the 
controller 10 and is configured to detect the rotational speed or some other operational condition 
5 of a vehicle drive train 32. Similarly, the controller 10 is placed in communication with the first 
and second reactant sources Ri, R2 and the fuel cell 20. As will be appreciated by those familiar 
with fuel cell systems and vehicles employing fuel cells as a source of motive power, the 
schematic illustration of Fig. 2 is greatly simplified and excludes many components of such 
systems. Nevertheless, Fig. 2 illustrates the general configuration of the controller and selected 

10 components of the system. 

Turning to Fig. 1, the control circuitry of the controller 20 comprises high voltage regions 
22 and a low voltage region 24. Simply put, the high voltage region 22 comprises electrical 
components configured for operation at higher voltages than the electrical components of the low 
voltage region 24. As is illustrated in Fig. 1, the electrical components of the high voltage region 

15 22 and the electrical components of the low voltage region 24 are positioned directly adjacent to 
each other. Absent the EMI shielding structure, described in detail below, a substantial amount 
of EMI from the high voltage components of the high voltage region 22 would be induced in the 
low voltage components of the low voltage region 24. 

An EMI shielding structure defines a conductive enclosure 12 about the high voltage 

20 region 22 and the low voltage region 24 and a conductive EMI barrier 14 between the high 

voltage region 22 and the low voltage region 24. The conductive enclosure defined by the EMI 
shielding structure may surround substantially all of the control circuitry and comprises a high 
voltage connector inlet 26 and a low voltage connector inlet 28. The high and low voltage 
connector inlets 26, 28 may be positioned to minimize EMI in low voltage connectors passing 

25 through the low voltage connector inlet 28 from high voltage connectors passing through the 
high voltage connector inlet 26 by, for example, positioning the inlets 26, 28 on opposite 
extremes of one of the sides of the enclosure 12. 

The shielding structure is configured such that the printed circuit board, or boards, on 
which the high and low voltage regions 22, 24 of the control circuitry are arranged may be 

30 secured to the shielding structure. The shielding structure defines high voltage compartments 16 



5 



Docket No. - GMC 0045 PA / GP - 303 449 



and a low voltage compartment 18 separated by the conductive EMI barrier 14. Although Fig. 1 
illustrates a pair of high voltage compartments 16 and a single low voltage compartment, it is 
noted that any number of either types of compartments may be provided without departing from 
the scope of the present invention. 
5 More specifically, the conductive enclosure 12 defined by the shielding structure defines 

an exterior wall structure 1 5 and an interior wall structure formed by the conductive EMI barrier 
14. In the illustrated embodiment, the interior wall structure formed by the conductive EMI 
barrier 14 is configured to enhance the structural integrity of the enclosure. 

Referring to Fig. 3, the high voltage region 22 and the low voltage region 24 of the 

10 control circuitry may be defined on a common printed circuit board 40. Alternatively, it is 

contemplated that the high and low voltage regions may be defined on separate printed circuit 
boards. To improve EMI shielding, the conductive enclosure 12 defined by the shielding 
structure includes components that are aligned with conductive traces 42 formed on the printed 
circuit board 40. For example, by way of illustration and not limitation, in the illustrated 

15 embodiment, the conductive EMI barrier 14 and portions of the exterior wall structure 15 are 
aligned with the conductive traces 42. 

The electrical components 23 of the high voltage region 22 are configured for operation 
at voltages that are significantly higher, i.e., at least one order of magnitude, than the operational 
voltages of the electrical components 25 of the low voltage region 24. More specifically, and by 

20 way of illustration and not limitation, the operational voltages of the high voltage region may be 
above about 450 V while the operational voltages of the low voltage region may be below about 
5 V. Similarly, the electrical components 23 of the high voltage region 22 may also be 
configured for operation at electrical currents that are significantly higher, i.e., at least one order 
of magnitude, than the operational currents of the electrical components 25 of the low voltage 

25 region 24. More specifically, operational currents of the electrical components 25 of the low 
voltage region 24 may be below 0.01 Ampere while the electrical components of the high 
voltage region may be configured for operation well above 0.01 Ampere, e.g., up to about 700 
Ampere. As a result, the resulting electromagnetic influence of the high voltage, high current 
signals on the low voltage, low current signals is potentially significant. 

30 
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Referring to Fig. 4, the interior wall structure 14 and the printed circuit board 40 upon 
which the high voltage region 22 and the low voltage region 24 of the control circuitry are 
arranged define complementary male and female engaging surfaces 44, 46. In this manner, 
secure attachment of the printed circuit board 40 to the interior wall structure 14 may be 
5 maintained in the face of thermal expansion and other mechanical stress. In one embodiment of 
the present invention, the complementary male and female engaging surfaces 44, 46 comprise a 
pin on the interior wall structure and a hole in the printed circuit board. 

Regardless of the specific manner in which the interior and exterior wall structures 14, 15 
are configured, it is noted that design considerations should take into account the significance of 

10 configuring the EMI shielding structure to prevent leakage from high voltage compartments into 
low voltage compartments. Design considerations may include optimization of the closeness of 
contact between the interior wall structure 14 and the printed circuit board 40 and the 
minimization of the size of any holes, gaps, or other openings in the interior and exterior wall 
structures 14, 15. Where holes or gaps cannot be eliminated, the size of such openings should be 

15 minimized and care should be taken to ensure that the size of the hole is small enough to account 
for the frequency and wavelength of the radiation to be shielded. Lines of sight through any 
necessary holes or gaps from one compartment to the next may be made indirect to improve 
shielding. 

The exterior wall structure 15 and the interior wall structure 14 may also be placed in 
20 thermal communication with the printed circuit board 40 to sink heat generated in the control 
circuitry. To further this end, the structures may be formed of high thermal conductivity 
materials like aluminum or aluminum alloys. It is contemplated that abrasion and wear resistant 
coatings suitable for typical fuel cell environments may further be applied to such materials. 

One or more coolant passages 50 may be provided in the exterior wall structure 15, as is 
25 illustrated in Fig. 5. Alternatively, or additionally, the exterior wall structure is thermally 
coupled to one or more cooling elements 55, as is illustrated in Fig. 6. Of course, it is 
contemplated that coolant passages may be provided in any portion of the exterior or interior 
wall structures and cooling elements may be positioned in a variety of locations relative to the 
controller 10. In the context of a fluid-cooled motor vehicle, the coolant passages may be 
30 formed integrally with the existing coolant passages of the motor vehicle. 
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As is further illustrated in Fig. 6, where a compressor driven blower 60 is presented as 
one of the high voltage electrical devices of a fuel cell system, the conductive enclosure 12 
defined by the shielding structure may be secured to the blower 60 or mechanically coupled to 
the blower 60 via suitable mounting hardware. Further, the conductive enclosure 12 of the 
5 controller 10 is oriented to minimize the distance between the high voltage connector inlet 26 
and the blower 60. In this manner, the length of the high voltage electrical connections running 
from the controller 10 to the blower 60, and the corresponding EMI generated thereby, may be 
minimized. The shielding structure may be fabricated as a cast assembly or in any suitable 
manner. 

10 Referring finally to Fig. 7, a vehicle 100 is illustrated comprising a hydrogenous fuel 

source 110 and a fuel cell system 120 including, among other things, an electrochemical unit, 
high and low voltage electrical devices, control circuitry, and EMI shielding structure according 
to the present invention. 

For the purposes of defining and describing the present invention, it is noted that when 

15 reference is made to a device that is "operatively coupled" to another device, a number of 

operative relationships are contemplated, including, but not limited to, the following: (i) where a 
first device controls or provides a signal used to control a second device, or vice-verse (e.g., first 
device is a fuel cell voltage or current sensor, second device is the fuel cell); (ii) where the first 
device senses an operating condition of the second device, or vice-verse (e.g., first device is a 

20 fuel cell temperature sensor, second device is the fuel cell); (iii) where the first device controls or 
senses an operating condition of a third device, which is in turn operatively coupled to the 
second device (e.g., (a) first device is a drive train sensor, second device is a fuel cell, third 
device is a drive train powered by the fuel cell; (b) first device is a fuel cell temperature sensor, 
second device is the fuel cell, third device is a cooling fluid pump for the fuel cell; (c) first 

25 device is a drive train sensor, second device is a fuel cell, third device is a compressor or blower 
for directing a reactant to the fuel cell; etc.); and (iv) where the first device comprises electrical 
circuitry for processing signals input from or output to the second device (e.g., the first device 
comprises control circuitry and the second device comprises a sensor or a high voltage device in 
communication with the control circuitry). 
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It is noted that terms like "preferably," "commonly," and "typically" are not utilized 
herein to limit the scope of the claimed invention or to imply that certain features are critical, 
essential, or even important to the structure or function of the claimed invention. Rather, these 
terms are merely intended to highlight alternative or additional features that may or may not be 
5 utilized in a particular embodiment of the present invention. 

For the purposes of describing and defining the present invention it is noted that the term 
"substantially" is utilized herein to represent the inherent degree of uncertainty that may be 
attributed to any quantitative comparison, value, measurement, or other representation. The term 
"substantially" is also utilized herein to represent the degree by which a quantitative 
10 representation may vary from a stated reference without resulting in a change in the basic 
function of the subject matter at issue. 

Having described the invention in detail and by reference to specific embodiments 
thereof, it will be apparent that modifications and variations are possible without departing from 
the scope of the invention defined in the appended claims. More specifically, although some 
15 aspects of the present invention are identified herein as preferred or particularly advantageous, it 
is contemplated that the present invention is not necessarily limited to these preferred aspects of 
the invention. 

What is claimed is: 
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